Objective: The aims of this study were to present evidence to develop and validate the Japanese Tumor-Node-Metastasis (TNM) staging system for primary liver cancer and to compare its discriminatory ability and predictive power with those of Vauthey's simplified staging, which was adopted as the TNM staging system of the American Joint Committee on Cancer (AJCC)/International Union Against Cancer (UICC). Summary Background Data: Among many staging systems for hepatocellular carcinoma, the Japanese TNM staging system and the AJCC/UICC staging system were developed based on a survival analysis of surgical patients. These 2 staging systems have not been compared in large series. Methods: The Liver Cancer Study Group of Japan (LCSGJ) prospectively collected clinicopathologic data of 63,736 patients with primary liver cancer from 1995 to 2001. Among them, 13,772 patients received curative hepatic resection. Based on univariate and multivariate survival analyses, the Japanese TNM staging system was developed. The accuracy of the Japanese TNM staging system for predicting patient survival was compared with that of the AJCC/UICC staging system using the cross-validation method. Results: The independent prognostic factors (relative risk; 95% confidence interval) were vascular or bile duct invasion (1.36;1.29 -1.43), liver cirrhosis (1.26;1.20 -1.32), diameter (Յ2 cm or Ͼ2 cm) (1.21;1.14 -1.28), alpha-fetoprotein (1.20;1.15-1.25), single/multiple (1.18;1.12-1.23), liver damage (1.15;1.10 -1.20), hepatic involvement (1.14;1.09 -1.19), histologic differentiation (1.14;1.08 -1.20), gross classification (1.13;1.08 -1.18), and esophageal varices (1.07;1.02-1.13). Based on these results, 3 criteria (vascular or bile duct invasion, diameter, and single/multiple) were selected. Patients with none of these 3 factors were considered T1, and those with 1, 2, and 3 factors were T2, T3, and T4, respectively. The number of patients and 5-year survival rates for T1, T2, T3, and T4 were 2078, 70%; 6853, 58%; 3021, 41%; and 582, 24% (P Ͻ 0.0001), respectively, while those for the AJCC-T were 8457, 61% in T1, 2888, 46% in T2, and 1189, 30% in T3 (P Ͻ 0.0001). While both the LCSGJ-T and the AJCC-T had good discriminating ability, the former was significantly superior (P ϭ 0.0007). Conclusions: Our findings support the development of LCSG stage. While both staging systems allow for the clear stratification of patients into prognostic groups, the LCSGJ staging may be more appropriate for stratifying patients with early-stage HCC. (Ann Surg 2007;245: 909 -922) 
O ver the past 20 years, great progress has been made in the diagnosis of hepatocellular carcinoma (HCC); high-risk groups for this disease can be established, and the number of patients with resectable HCC and small-sized HCC is increasing. Under these circumstances, liver transplantation, hepatic resection, radiofrequency ablation, and transarterial chemoembolization have all been used in these patients according to their clinicopathologic characteristics and hepatic functional reserve, but the optimal management for these patients remains controversial.
1,2 As a result, there is an increasing need for a staging system that can reflect the prognosis and permit the stratification of these patients for clinical trials. Several staging systems have been proposed: Okuda staging, the Cancer of the Liver Italian Program (CLIP), the Barcelona Clinic Liver Cancer staging, the Japan Integrated Staging Score (JIS), the Chinese University Prognostic Index, and the French Score. [3] [4] [5] [6] [7] [8] All of these staging systems include liver function parameters, and the percentages of patients who received hepatic resection among all of the patients used to develop the stages were 18.5% (Okuda), 10 .4% (Chinese University Prognostic Index), 6% (CLIP), and 7% (French). In an attempt to standardize the staging of HCC, the American Hepatico-Pancreatico-Biliary Association organized a consensus conference that was cosponsored by the American Joint Committee on Cancer (AJCC) in 2002. The consensus panel made important observations regarding the purposes of various staging systems and noted that 2 types of staging systems were required to adequately stage the spectrum of HCC: 
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There are currently 2 surgical staging systems, which were developed based on the analysis of patients who received hepatic resection: one from the Liver Cancer Study Group of Japan (LCSGJ) and another from the AJCC/International Union Against Cancer (UICC). In 1983, the LCSGJ first introduced an HCC Tumor-Node-Metastasis (TNM) scheme, which has subsequently been revised, most recently from the third to 4th edition in 2000. 10, 11 Vauthey et al developed a simplified staging system for HCC in 2002, 12 which was adopted as the TNM staging system of AJCC/UICC after minor changes. 13 The prognostic power and stratification ability of the Japanese TNM Staging System has been verified in Japanese and Chinese patients, 14 -16 and it has been compared with the AJCC/UICC staging system. 16 These 2 staging systems have some similarities; for example, parameters of liver function are not included, patients with distant metastasis are assigned to the highest stage, and those with hepatic lymph node metastasis are assigned to the second highest stage. In contrast, they use different methods for determining the T classification (Figs. 1, 2) . In this paper, we present evidence for the development of the Japanese TNM system, validate the system, and compare its discriminatory ability and predictive power to those of the AJCC/UICC staging system in 13,772 patients who received curative hepatic resection.
MATERIALS AND METHODS

Source of Data
LCSGJ determined the classification and handling methods of primary liver cancer in 1965 and started a nationwide registration of clinicopathologic and prognostic data of patients with primary liver cancer. [17] [18] [19] [20] [21] [22] [23] Questionnaires that included 178 items of clinicopathologic data were mailed to all of the LCSGJapproved hospitals in Japan, and these data were entered into a computer, once every 3 years from 1970 (first) to 1979 (4th), and once every 2 years after 1981 (fifth). The status of the presence of recurrence, additional treatment, and final prognosis of the registered patients were also followed until confirmation of death at every survey. Micropathologic data of liver tumor were requested on the form from the 12th survey. Accordingly, the data from the 12th to 15th surveys were used in this study. The number of patients and hospitals in each survey are shown in Table 1 . Of the total 66,007 patients with primary liver cancer, the clinical diagnosis of 63,736 patients (96.6%) was HCC, and 18,948 (29.7%) received hepatic resection. Of these, 1189 patients without pathologic data, 956 with incomplete survival data, and 1881 without data on operative curability, distant metastasis, or hepatic lymph node metastasis were excluded, which meant that eventually 14,922 patients were included in this study (hepatectomy-cohort). Of these 14,922 patients, the operations were not curative in 1150, and 13,772 received curative hepatic resection (curative-hepatectomy-cohort). Among these patients, 76 had distant metastasis, 147 had hepatic lymph node metastasis, and 17 had both. The 13,566 remaining patients were included in the curative-hepatectomy-N0M0 cohort. The prognosis was examined in February 2001, and was categorized as alive, dead, or unknown. Death was subclassified according to the direct cause: death by HCC, liver failure, gastrointestinal bleeding, rupture of HCC, operative death, and other. All deaths were counted as events and living patients were censored to the date of the last follow-up. Curative resection was defined as that in which the entire tumor could be removed macroscopically. Lymph node involvement and distant metastasis were based on macroscopic inspection and palpation at the time of surgery. Tumor size was based on the largest dimension of the tumor specimen. Portal, hepatic venous, and bile duct invasion were defined by macroscopic examination of resected specimens. The number of HCCs was defined by the total number of nodules, including intrahepatic metastasis, in the resected specimen. Hepatic involvement means the number of segments in which liver tumors are present. The degree of liver damage as a guide to liver function was defined by LCSGJ based on ascites, serum bilirubin, serum albumin, indocyanine green retention rate at 15 minutes, and prothrombin activity (Table 2) . 10, 11, 22 The serologic presence of hepatitis B surface antigen was considered to be positive evidence of hepatitis B serology, and hepatitis C antibody was considered to be positive for hepatitis C serology. A history of alcohol consumption of 86 g of ethanol per day over a 10-year period was defined as positive.
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Statistical Analysis
Survival was measured from the time of hepatic resection, and death was the endpoint. Survival curves were constructed using the Kaplan-Meier product-limit method and compared using a log-rank test. Significant prognostic factors in a univariate analysis were entered into a Cox proportional hazards model using stepwise selection to identify independent predictors of death. Statistical significance was defined as a P value Ͻ0.05. Statistical Analysis System, version 8 (SAS Institute Inc., Cary, NC) was used for statistical analyses. Based on these survival analyses, the LCSGJ T classification was developed and the effects of liver cirrhosis and degree of liver damage as defined by LCSGJ were evaluated because these variables were components of other tumor classification scheme, such as CLIP or JIS.
The abilities of the LCSGJ T classification and the AJCC T classification to accurately predict survival were verified and compared by the cross-validation method. Patients FIGURE 3. Kaplan-Meier survival analysis (solid line) with 95% confidence interval (dotted line) for patients in the curative-hepatectomy-N0M0 cohort stratified according to the number of liver nodules (a), the maximum diameter of liver nodules (b), and the location of portal invasion (c). The number, median survival time (95% CI), and 5-year survival rate of patients are described in Table 4 .
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were randomly divided into 2 groups: a training sample and a validation sample. In the training sample, 2 predictive models were constructed using the Cox proportional hazards model, which included either the LCSGJ T classification or the AJCC T classification as a covariate. In the validation sample, each estimated model from the test sample was used to predict the survival for each patient. The predicted survival curves, plotted based on each model, were compared with the observed survival curves in the validation sample plotted by the Kaplan-Meier method. The predictive accuracies were compared in terms of the residual, which was the difference between the observed survival time and the predicted survival time in the validation sample. An analysis of variance using the Generalized Estimating Equation method was used to compare the absolute values of the residuals between the 2 T classifications.
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RESULTS
Of the 14,922 patients who underwent hepatic resection for HCC, 10,259 were alive and 4663 had died. The direct cause of death was HCC in 2886 patients, liver failure in 844, gastrointestinal bleeding in 81, rupture of esophageal varices in 112, rupture of HCC in 38, operative death in 186, and other in 516.
The demographic and clinicopathologic characteristics of the 13,566 patients in the curative-hepatectomy-N0M0 cohort are shown in Tables 3and 4. The survival curves according to the number of HCCs are shown in Figure 3a . Single HCC showed the best prognosis, and the survival time gradually decreased with an increase in the number of HCCs. The diameter of the largest nodule significantly influenced survival (Fig. 3b) . Patients with HCC Յ2 cm had a significantly longer duration of survival than those with HCC of 2 to 5 cm (P Ͻ 0.0001). The survival curves according to the location of portal invasion are shown in Figure 3c . The significant factors identified by a multivariate analysis are shown in Table 5 . Vascular or bile duct invasion (portal vein, hepatic vein, or bile duct invasion) had the greatest impact on survival, followed by the presence of liver cirrhosis in the background liver, diameter of HCC, alpha-fetoprotein, number of HCCs, degree of liver damage, hepatic involvement, 
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Development of T Classification
Based on the results of the multivariate analysis, we stratified patients into 4 groups according to the presence of vascular or bile duct invasion, and the number of HCCs (single or multiple). Because these factors had the first and fifth highest relative risk for death in stepwise Cox proportional model (Table 5) , and were used in the previous LCSGJ-TNM scheme, third edition. The survival curves of these 4 groups were clearly separate, and the differences in survival between any 2 of these groups were significant; the P values of all combinations were less than 0.0001 (Fig. 4a) . The impact of tumor size on survival was analyzed within each group because it had third highest relative risk for death in stepwise Cox proportional model, and were used in the previous LCSGJ-TNM scheme, third edition. In all of the groups, tumor size significantly affected survival (Fig. 4b-e) . In particular, patients with tumors that were 2 cm or smaller in diameter had a more favorable prognosis in all of the groups. The median survival time (95% CI) and the 5-year survival rate of patients with HCCs of 2 cm or smaller were as follows: 7.3 years (6.9-*) and 70% in patients with single tumor without vascular or bile duct invasion (Fig. 4b) , 5.4 years (4.5-6.0) and 54% in patients with multiple tumors without vascular or bile duct invasion (Fig. 4c) , 5.8 years (4.9-*) and 64% in patients with single tumor with vascular or bile duct invasion (Fig. 4d) , and years (1.9-*) and 52% in patients with multiple tumors with vascular or bile duct invasion (Fig. 4e) . (*Not calculated because survival curve remains above a survival rate of 50%.) Patients with tumors 2 cm or smaller in diameter had a more favorable prognosis regardless of vascular or bile duct invasion or growth pattern (single or multiple). Therefore, these criteria ͓growth pattern (single or multiple), vascular or bile duct invasion, and size (Յ2 cm or Ͼ2 cm)͔ were used to determine T classification. Patients who had none of these 3 factors were assigned to T1, and those with 1, 2, and 3 factor(s) were considered T2, T3, and T4. The survival of patients according to this T classification is shown in Figure 5a . The median survival time (95% CI) and 5-year survival rate of patients with T4 HCC in the curative-N0M0-cohort was 1.85 years (1.49 -2.33 years) and 24%, which was similar to the Table 6 ). The survival curves are shown in Figure 5b . The distribution of curativehepatectomy-N0M0-cohort by LCSGJ-T and AJCC T is shown in Table 7 .
The effects of liver cirrhosis and degree of liver damage as defined by LCSGJ on patients with T1, T2, T3, and T4 HCC are shown in Figure 6 because these variables are components of other tumor classification scheme, such as CLIP or JIS. The presence of liver cirrhosis in the background liver was a negative prognostic factor in patients with all of the T-classes of HCC. The degree of liver damage significantly influenced the prognosis of patients with T1, T2, or T3 tumor (P Ͻ 0.0001), but did not affect the prognosis of patients with T4 HCC (P ϭ 0.509).
Although patients with T1 or T4 HCC are identical with regard to the presence of 3 factors ͓growth pattern (single or multiple), vascular or bile duct invasion, and size (Յ2 cm or Ͼ2 cm)͔, patients with T2 or T3 tumor can be subclassified into 3 groups according to combinations of these 3 factors. While no survival difference was observed in patients with T2 tumor (P ϭ 0.220), among patients with T3 tumor, those with vascular or bile duct invasion showed a significantly worse outcome than those without. When patients with T3 HCC were stratified according to negative factors, the number, median survival time (95% CI), and 5-year survival rate of those with HCCs of 2 cm or smaller, single HCCs, and HCCs without vascular or bile duct invasion were 25, *years (1.9-*), 52%; 1,086, 2.7 years (2.4 -3.2), 37%; and 1,917, 4.1 year (3.8-4.5), 42% (P Ͻ 0.0001).
Validation of T Classification and Comparison With AJCC T
A total of 13,566 patients in the curative-hepatectomy-N0M0-cohort were randomly assigned to either a training sample (n ϭ 6819 patients with 1964 deaths) or a test sample (n ϭ 6747 patients with 1943 deaths) to validate its prognostic significance. Table 8 shows the prediction models constructed by a Cox proportional hazards model in the training sample based on the LCSGJ T classification and the AJCC T classification. In the training sample, both of these models had good discriminating ability. Figure 7 shows the results of the application of each predictive model to the validation sample. The results of an analysis of variance using the Generalized Estimating Equation method for 2 residual sum of squares of each patient are shown in Table 9 . The negative estimate of LCSGJ T versus AJCC T (Ϫ0.0017) indicated that the difference between the estimated survival time and actual survival time with LCSGJ-T was significantly smaller than that with AJCC T after adjusting for stage (P ϭ 0.0007).
DISCUSSION
LCSGJ published The General Rules for the Clinical and Pathologic Study of Primary Liver
Cancer, 4th edition, which described the present staging system, in November 2000. 10 The previous AJCC/UICC TNM staging system, introduced in 1988, was derived from the TNM classification third edition of LCSGJ. 26 This system required information on the growth pattern (single or multiple), size (Յ2 cm or Ͼ2 cm), vascular invasion, and location (unilateral or bilateral) to determine the stage. It has been suggested that this system does not stratify patients adequately with respect to prognosis, and might be unnecessarily complex.
12,27-30 Izumi et al modified this system by eliminating the size and location (unilateral or bilateral). 27 The Izumi-TNM system was developed based on an analysis of 104 patients who underwent hepatic resection at a single center. Its prognostic value was demonstrated in 53 patients who received hepatectomy at an Italian center. 29, 30 Influenced by this system, Vauthey et al 13 FIGURE 6. Influence of liver cirrhosis, chronic hepatitis (a, b, c, d) and the degree of liver damage (e, f, g, h) in T1, T2, T3, and T4.
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proposed a scoring system that included size (Յ5 cm or Ͼ5 cm), vascular invasion, and growth pattern (single or multiple): patients with 0, 1, 2, and all 3 of these factors were assigned to T1, T2, T3, and T4, respectively. 31 They applied this T-stage to 97 patients and demonstrated its ability to stratify patients. It was also validated in 323 patients who received curative hepatic resection in Taiwan. 32 In 2002, Vauthey et al developed a simplified staging system based on a survival analysis of 557 patients who received hepatic resection at 4 hepatobiliary centers in the United States, France, and Japan. 12 It was adopted as the AJCC Cancer Staging Manual, 6th edition, in 2002. 13 The major differences between LCSGJ 4th TNM and AJCC/UICC 6th TNM are the cutoff value for tumor size and its application in prognostic classification (Fig. 1) . In the revision from the fifth to sixth edition of the AJCC/UICC TNM staging, the cutoff value for tumor size in the prognostic classification was shifted from 2 cm to 5 cm, based on the results of Vauthey et al. 12 In their series, tumor size had no effect on survival in patients with no vascular invasion or microvascular invasion, and had a significant effect on survival only in patients with multiple HCCs. 12 The lack of a significant difference may be related to the small sample size. In the AJCC/UICC staging system, a single tumor without vascular invasion is assigned to T1, while a tumor with vascular invasion is assigned to T2 regardless of its size. In our series, the prognosis of patients with a single tumor without vascular invasion showed a wide range according to its size (Fig. 4b) : patients with tumors of 2 cm or smaller showed a 5-year survival rate of 70%, while those with tumors of 10 cm or larger had a 5-year survival rate of 49%. The prognosis of patients with vascular invasion is also greatly influenced by the tumor size (Fig. 4d) , and that of patients with multiple tumors gradually worsened with increasing tumor size in our data (Fig. 4c, e) . Patients with tumors of 2 cm or smaller showed a significantly favorable prognosis regardless of vascular invasion or growth pattern (single or multiple) (Fig. 4b-e) . Among tumors 2 cm or smaller, about 22% are early HCCs, which are defined as tumors that have Glisson's triad and show hypercellularity of over 2-fold with minimal cellular or nuclear atypia (Edmondson's grade 1). 33, 34 These tumors showed a remarkably favorable prognosis: a 5-year survival rate of 93% was reported. 34 Ideally, patients with these tumors should be graded to the earliest stage, but the definition of these tumors requires a pathologic examination of a resected specimen. To simplify the diagnosis, a single HCC of 2 cm or smaller without vascular invasion should be graded as the earliest stage.
In the current study, the presence of liver cirrhosis in the background liver and the degree of liver damage 10, 22 were also independent prognostic factors (P Ͻ 0.0001) ( Table 5 ; Fig. 6 ). This factor significantly influenced the prognosis in the T1, T2, and T3 subsets. The influence of liver damage on survival decreases with T stage, until it is no longer significant for patients with T4 HCC (Fig. 6h) . This may be a consequence of the fact that tumor factors govern the prognosis of patients with advanced HCC and liver function plays an important role in patients with relatively early HCC. Thus, a scoring system that uniformly assigns the tumor stage and liver function, for example, the score proposed by CLIP or JIS, may be limited in its ability to stratify patients with an advanced score. 4, 8, 35, 36 Accordingly, a staging system that is composed only of tumor factors and is additionally subclassified by liver cirrhosis in the background liver or liver function, like AJCC stage or LCSG stage, may be simple and suitable for patients who will undergo curative treatment such as hepatectomy, radiofrequency ablation, or liver transplantation.
A weakness of this LCSGJ staging system may be a result of the assumption of equal weight for growth pattern (single or multiple), size, and vascular or bile duct invasion. In our data, vascular or bile duct invasion had the strongest impact on survival: its relative risk (RR) was 1.36, followed by liver cirrhosis (RR 1.26), diameter (RR 1.21), alphafetoprotein (RR 1.20), and tumor number (RR 1.18) ( Table  5) . Therefore, patients with T2 or T3 tumor can be divided into 3 subgroups according to these factors, and it is logical to hypothesize that the subgroup with a more heavily weighted prognostic factor, ie, vascular or bile duct invasion, will have a worse prognosis. In our data, no survival differences were observed among patients with T2 tumor, although patients with T3 tumor were layered with regard to their prognosis: those with vascular or bile duct invasion showed a significantly worse prognosis. Interestingly, patients with T3 tumor accompanied by vascular or bile duct invasion had a longer survival than those with T4 tumor, and patients with T3 tumor that was not accompanied by vascular or bile duct invasion had a worse outcome than those with T2 tumor. Accordingly, the cohort of T3 tumor should be subdivided according to the presence of vascular or bile duct invasion.
The preferred treatment of small HCC (hepatic resection, radiofrequency ablation, or transplantation) has been controversial for many years. 1 In the AJCC T classification, 8457 of 12,534 patients (67.5%) were assigned to T1, while in the LCSGJ T classification 16.6% were assigned to T1 (Table 7) . Of the 8457 patients with T1 HCC in the AJCC T classification, 2078 were classified as T1, 6308 were T2, and 71 were T3 in the LCSGJ T classification. As expected, patients with T1 tumor in AJCC T classification had a 5-year survival rate of 61%, which was similar to that of patients with T2 tumor in the LCSGJ T classification (58%). These results suggest that the LCSGJ-T classification may make it possible to classify patients with early-stage HCC more precisely than with AJCC T.
Both the LCSGJ-stage and the AJCC-stage were developed based on a survival analysis of patients who underwent hepatic resection. Thus, these staging systems are appropriate for patients who will undergo hepatic resection. The applicability of these surgical staging systems to other local therapies such as transplantation and radiofrequency ablation has been a matter of dispute. The previous version of the AJCC TNM classification was shown by Llovet et al to not have prognostic power in patients who were treated by liver transplantation, 37 although Peck-Radosavljevic et al showed that stage IVA predicted recurrence in these patients. 38 The current AJCC TNM system 6th edition has been shown to be a significant predictor of tumor recurrence, but not of survival in liver transplantation. 39 Machi et al studied 65 patients with unresectable HCC who underwent radiofrequency ablation and showed that TNM stage 6th edition was a significant predictor of survival. 40 The applicability of LCSGJ TNM stage to liver transplantation or radiofrequency ablation has not been fully evaluated. Thus, it may be preferable to apply these surgical staging systems only in patients who will receive liver resection.
All staging systems represent a compromise between simplicity and discriminatory ability. Although we tried to reduce the over-fitting bias by internal cross-validation, a further independent external validation of the LCSGJ-TNM stage is needed. 
